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BACKGROUND OF INVENTION: 



This invention involves using Atmospheric Pressure Glow Discharge (APDG) to attach unpolymerized 
acrylate groups to organic substrates, such as moving plastic webs. The technique involves introducing a 
liquid precursor (a multi-functional acrylate) directly into APDG via an ultrasonic nebulizer, and depositing 
the precursor onto the substrate under such conditions that some acrylate groups remain unpolymerized 
while some polymerize and get attached to the substrate. The un-polymerized acrylate groups can then be 
available to react with Energy-Curable inks, coatings, or adhesives, greatly improving adhesion. 

PRIOR ART: 



WO 00/78469 deals with epoxy based coatings (specifically gycidyl methacrylates and the like) that are 
plasma deposited and pulse plasma polymerized to form a coating film. They can be further derivatized by 
using acids, amines, etc. Their use as an adhesive (laminating?) is also detailed. The polymerization 
usually occurs with the deposition, but there are reactive groups (epoxies) that are left unreacted. 

Our biggest obstacle will be Claim 13 which reads: A method for adhering two surfaces together, said 
method comprising applying a reactive coating to at least one of said surfaces by plasma deposition, and 
contacting said surface with the other surface under conditions whereby reactive groups in the coating will 
react so as to secure the two surfaces together. 

Since they simply state under conditions without giving details, use of EB to achieve the crosslinking will fall 
under this claim if we use epoxy based monomers, or possibly any reactive species since in this particular 
claim they do not distinguish what reactive coating the are using. However, in all of the other claims and 
spec they are using epoxy based monomers. This may preclude our use of this for laminating 
applications . 



WO 02/28548 is a Dow Corning patent that covers the use of the technology of using plasma to coat a 
substrate. 
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The broad Claim 1 reads: A method for forming a coating on a substrate, which method comprises 
introducing an atomized and/or solid coating forming material into an atmospheric pressure plasma 
discharge and/or ionizing gas stream resulting there from, and exposing the substrate to the atomized 
coating-forming material. 

This claim would seem to cover using plasma discharge to coat a substrate with reactive materials. They 
do mention both epoxies and mono-acrylates. The also mention the polymerization is carried out using 
atmospheric pressure plasma discharge (i.e. it is polymerized when deposited). 

Polymerization is essentially complete with deposition. There is no intention of having a second 
polymerization reaction, other than to post treat with a second plasma discharge (claim 15). 



As long as we are using a plasma to coat a substrate with reactive species, we are in danger of infringing 
on claim 1 above. We could license the technology, or try to differentiate our method from theirs. In our 
method, we would prefer to leave as much unreacted by the plasma as possible, since we will finish the 
reaction with EB. In their method, they essentially want complete polymerization. 

We could probably use the method to pre-coat a film with an adhesion promoter and print over it. 

Maybe a claim like: A method of producing a cured coating or ink on a substrate comprising: 

A) coating a substrate with coating fonming (adhesion promoting) ethylenically 
unsaturated material using a plasma discharge and/or ionized gas stream such that 
the coating forming material is only partially polymerized and retains ethylenically 
unsaturated moieties at the end of the plasma treatment 

B) adding a second or more layer of an energy-curable coating material (or ink) using 
conventional means 

C) curing (or polymerizing) the coating with actinic radiation to produce a dry film. 

The key to our using this technology is that we do not want to polymerize all the species in the plasma 
deposition. We want to cure with EB at a later stage. We could also use low energy plasma to deposit and 
not totally polymerize the coating. At the very least, we are offering an improvement on their method as 
plasma polymerization usually produces very highly crosslinked polymers that lack a regular repeat unit. 
We would produce polymers with a much more consistent structure and different final properties. 

In summary, Dow has a fairiy strong position using this technology. We could probably use the technology 
as a means of applying an adhesion promoting agent, and we may be able to use the technology if we are 
able to show that we polymerize the reactive species to a lesser degree with the intention of curing it later 
with a second type of energy. 

Other relevant patents are:6, 548,121 (grafting of photoinitiators to film surface), 6,551,950 (grafting of halo- 
organic compounds to surfaces using plasma), US Patent Application 20020114954 (bonding 
fluoropolymer films to substrate), US Patent Application 20030104140 (depositing organosilicons onto 
substrates). 



SUMMARY OF INVENTION: 
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Instant invention describes a process of atomizing a liquid, multifunctional acrylate monomer (such as 
TMPTA) and injecting it directly into Atmospheric Pressure Glow Discharge (APDG). APDG is described, 
for example, in WO 02/28548, assigned to Dow Corning. But in the prior art the desired outcome of 
injecting monofunctional acrylates into APDG, often bearing other functional groups such as fluoro, epoxy, 
etc, was to fully polymerize the acrylate groups, thus anchoring the functional polymer to the substriate. 
Such polymer would then serve as an adhesion promoter or water repellant. In the instant invention, the 
APDG conditions are selected in such a manner that some acrylate groups of the multi-functional acrylate 
are crosslinked in the plasma, but some remain un-polymerized, serving as excellent covalent anchors to 
Energy-Curable inks and coatings. 

ADVANTAGES OVER PRIOR ART: 

Prior art sought to polymerize all acrylate groups, thus making creation of covalent acrylate-acrylate bonds 
between the substrate and ink or coating impossible. The instant invention allows for formation of such 
bonds instantaneously when the ink or the coating is energy-cured. 

DESCRIPTION OF INVENTION: 

Main Claims (example): 

A method of producing a cured coating or ink on a substrate comprising: 

A) coating a substrate with coating forming (adhesion promoting) ethylenicaliy 
unsaturated material using a plasma discharge and/or ionized gas stream such that 
the coating forming material is only partially polymerized and retains ethylenicaliy 
unsaturated moieties when deposited on the substrate 

B) adding a second or more layer of an energy-curable coating material (or ink) using 
non-plasma means 

C) curing (or polymerizing) the coating (or ink) with actinic radiation to produce a dry 
film. 
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